The purpose of the present study was to develop and evaluate patient-customized helmets with a three-dimensional (3D) printer for radiation therapy of malignant scalp tumors. Computed tomography was performed in a case an Alderson RANDO phantom without bolus (Non_Bolus), in a case with a dental wax bolus on the scalp (Wax_Bolus), and in a case with a patient-customized helmet fabricated using a 3D printer (3D Printing_Bolus); treatment plans for each of the 3 cases were compared. When wax bolus was used to fabricate a bolus, a drier was used to apply heat to the bolus to make the helmet. 3-matic ® (Materialise) was used for modeling and polyamide 12 (PA-12) was used as a material, 3D Printing bolus was fabricated using a HP JET Fusion 3D 4200. The average Hounsfield Unit (HU) for the Wax_Bolus was −100, and that of the 3D Printing_Bolus was −10. The average radiation doses to the normal brain with the Non_Bolus, Wax_Bolus, and 3D Printing_Bolus methods were 36.3%, 40.2%, and 36.9%, and the minimum radiation dose were 0.9%, 1.6%, 1.4%, respectively. The organs at risk dose were not significantly difference. However, the 95% radiation doses into the planning target volume (PTV) were 61.85%, 94.53%, and 97.82%, and the minimum doses were 0%, 77.1%, and 82.8%, respectively. The technique used to fabricate patient-customized helmets with a 3D printer for radiation therapy of malignant scalp tumors is highly useful, and is expected to accurately deliver doses by reducing the air gap between the patient and bolus.
may lower the efficacy of cancer treatment by generating uncertainty in calculating radiation doses. [8] [9] [10] Many studies applying 3D printing technique for radiation therapy have been performed. For example, Yea et al. 11) used a 3D printer to fabricate an anthropomorphic patient-specific head phantom, and reported its usefulness for confirming the radiation dose in patient-specific quality assurance required for complex therapies such as intensity modulated radiation therapy (IMRT). Park et al. 12) fabricated a patient-customized malleable bolus using a 3D scanner and printer, and evaluated its usefulness for radiation therapy.
The purpose of the present study was to develop and evaluate a patient-customized helmet using a 3D printer, in order to resolve the problem of an air gap between the skin of the patient and the bolus.
Materials and Methods

Fabricating a helmet using paraffin wax
As shown in Fig. 1a , an Alderson RANDO Phantom was used to evaluate the usefulness of a patient-customized helmet bolus created with a 3D printer. In order to fabricate a helmet using paraffin, dental wax (DAE-DONG INDUSTRY) currently utilized at our institution was used.
To deliver sufficient radiation dose to scalp tumors, a helmet was fabricated by overlapping 5 sheets of wax with thicknesses of 1.7 mm, as shown in Fig. 1b . The time needed to fabricate the helmet was approximately 3 hours. Fig. 1c shows Rando phantom using the bolus wax.
Fabricating a patient-customized helmet using a 3D printer
In order to fabricate a patient-customized helmet using a 3D printer, an Alderson RANDO phantom was scanned for 1 minute using a Brilliance Big Bore CT Simulator (Philips Inc., Cleveland, OH, USA), as shown in Fig was used as the printing material. Fig. 2f shows Rando phantom fabricated with patient-customized helmet using the 3D Printer. In Fig. 3e 
Radiation treatment planning
The fractionations to the PTV. All treatment plans were set by using 9 beams at 40-degrees intervals, and an analytical anisotropic algorithm was used for calculations.
Results
Hounsfield unit (HU) evaluation of the customized bolus
The average HU value of a helmet fabricated with dental wax bolus was −100, and the average HU value of a 3D-printed patient-customized helmet was −10. 
Evaluations with treatment planning system
Discussion and Conclusion
In the present study, a patient-customized helmet was fabricated by using a 3D printer in order to resolve the air gap problem raised when using a manually fabricated bolus using paraffin during radiation therapy for malignant scalp tumors. For each of the cases of Non_Bolus, Wax_ Bolus, and 3D Printing_Bolus, CT images were taken and treatment plans were compared. Dosimetric evaluation with the 3D-printed helmet on the RANDO phantom showed that radiation doses into the brain were similar in all 3 cases, but the doses delivered to the PTV were significantly different in each case. While a desired radiation dose was not delivered with the Non-Bolus, the 3D Printing_Bolus was confirmed to deliver a radiation dose similar to that of the Wax_Bolus, which was previously used. Therefore, a patient-customized helmet fabricated with a 3D printer was extremely useful for radiation therapy. 
